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Abstract: 

We developed a biosensor for nitrite ion on an electrode surface modified with M13 viruses 

and gold nanostructures. Gold dendritic nanostructures (Au-DNs) are electrochemically co-deposited 

from 4E peptides engineered M13 virus (M134E) mixed electrolyte on to the ITO electrode. The 

M134E could specifically nucleate Au precursor (Gold (III) chloride), which enable the efficient 

growth of dendritic nanostructures, whereas such dendritic structures were not obtained in the 

presence of wild-type and Y3E peptides engineered M13 viruses. The structural features of the Au-

DNs and their interfacing mechanism with ITO electrode are characterized by SEM, EDX and XRD 

analyses. The growth of Au-DNs at ITO electrode has been monitored by time dependent SEM study. 

The M134E induces the formation and plays a crucial role in shaping the dendritic morphology for 

Au. Biosensor electrode was constructed using Au-DNs modified electrode for nitrite ions and found 

improved sensitivity relative to the sensor electrode prepared from wild-type M13, Y3E peptides 

engineered M13 and without M13. Sensor electrode exhibited good selectivity toward target analyte 

from the possible interferences. Furthermore, 4E native peptides were used as additive to deposit Au 

nanostructures and it is compared with the structure and reactivity of the Au nanostructures prepared 

in the presence of M134E. Our novel biosensor fabrication can be extended to other metal and metal 

oxide nanostructures and its application might be useful to develop novel biosensor electrode for 

variety of biomolecules.  
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1.  Introduction 

Nitrite (NO2
−

) is an important inorganic pollutant to the environment and human health 

which is majorly originated from food, corrosion inhibitors and fertilizers.(Peteu et al. 2014) The 

crucial obstacle caused by NO2
− 

is when at high concentration its interaction with amines to form 

carcinogenic nitrosamines, resulting in serious hazards to human and animal health.(Palanisamy et al. 

2014; Radhakrishnan et al. 2014) In drinking water 3 mg/L is the maximum limit value of NO2
− 

recommended by the World Health Organization.(Mehmeti et al. 2016) Fertilizers are the major 

NO2
− 

source for polluting the water (sea, ground, lake, river and rain water). Hence, more precise 

estimation of NO2
− 

is an important task for environmental and water sources safety. Among the 

variety of techniques (based on spectroscopy, chromatography and electrochemistry) available for 

the quantification of NO2
−

, electroanalytical methods based on modified electrodes attracts more 

attention due to its easy fabrication, handling and economic aspects.(Kim et al. 2016) Therefore, it is 

important to develop potential electrode materials for the oxidation of NO2
− 

to fabricate highly 

selective sensors. Indium tin oxide (ITO)-coated glass is a widely used electrode material due to its 

large potential window and excellent optical transparency. It has been observed that, background 

current could be minimized by using ITO electrodes.(Hong et al. 2008; Shin et al. 2011) Also, ITO 

electrodes as a solid support can avoid the need for the complex and laborious cleaning steps 

required for other common solid electrodes.(Khan et al. 2013) To decrease the operating potential 

and to increase the sensitivity and selectivity usually electrodes are modified with the variety of 

metal and metal oxide nanostructures (NSs) (Bharath et al. 2015; Pham et al. 2014; Radhakrishnan et 

al. 2014; Teymourian et al. 2013) and biomolecules.(Peteu et al. 2014; Shervedani et al. 2016) In 

particular gold (Au) based electrocatalysts demonstrated excellent electrochemical responses towards 

the detection and determination of NO2
− 

because it can facilitate a fast electron transfer between 

redox centers in small molecules and electrode surfaces, and be used as catalysts to increase the rate 
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of electrochemical reactions.(Rao et al. 2016; Shanmugam and Kim 2016; Shervedani et al. 2016; 

Yadav et al. 2016)  

In recent years, the use of display technologies has developed as a commanding tool to screen 

peptides with recognition for the surface of metal and metal oxide NSs. Thereby biological 

molecules (DNA, peptides, proteins and viruses) have developed unique abilities to grow and 

assemble NSs with an impressive degree of control known as biomineralization.(Nam et al. 2006; 

Sun et al. 2014; Wu et al. 2012; Xu et al. 2015) These biological molecules are useful templates 

because of their molecularly precise shapes and the spatial organization that they communicate with 

NSs, as well as specific affinities for binding to the surfaces and nucleating and assembling NSs into 

functional assemblies with useful electrical and optical properties.(Avery et al. 2009; Ki et al. 2008; 

Mao et al. 2003; Mateu 2011) There have been reports on the assembly of NSs in solution and the 

directed immobilization of NSs on substrates using biological molecules-based recognition 

systems.(Stevens et al. 2004; Zin et al. 2005) In particular, the M13 virus (M13) has been extensively 

used for its ability to bind selectively to a variety of NSs. Its NSs-specific binding and nucleation 

capabilities are typically identified through a multistep biopanning process.(Qi et al. 2014) M13 is a 

bacterial virus that infects bacterial host cells and it is filamentous and has a cylindrical shape with a 

diameter of 6 nm and a length of 880 nm. Its genetically modifiable outer protein coat composed of 

2,700 identical protein subunits. It encapsulates a single-strand genome that encodes five different 

capsid proteins (Figure 1).(Hemminga et al. 2010; Lee et al. 2006)  

Recently, M13 has been found as the promising biotemplate for variety of metal and metal 

oxide NSs and used as an electrode material for sensor, energy and biomedical applications. 

Researchers mainly focusing on identifying and exploiting the binding peptides of M13 that are 

specific for certain material, and it could capable of nucleating and growing NSs along with its 

filamentous structure to obtain biotemplated nanowires. For instance, Lee and co-workers developed 

the Quantum dot-engineered M13 based sensor for TNT(Jin et al. 2013) and Belcher and co-workers 
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reported the metal alloy and iridium oxide nanostructured M13 templated nanowires for different 

applications.(Lee et al. 2010; Nam et al. 2012) Besides, so far to template metal NSs with M13, 

researchers are following solution-based biomineralization methods with the assistance of external 

reducing agents and they are often suffering from product stability, purification and handling for 

device fabrication. On the other hand, via electrodeposition size and shape can be easily tuned by 

altering experimental parameters (time, potential and electrolyte concentration) also no external 

reducing and stabilizing agents are required. Here, we show that electrostatic interactions between 

cationic Au metal precursors and the anionic carboxylate groups of the 4E peptides engineered M13 

(M134E), followed by electrochemical co-deposition, can generate M13 templated dendritic NSs 

(DNs) without the need for structure directing surfactants. Biosensor electrode has been constructed 

for the sensitive and selective determination of NO2
−

. 

2.  Experimental Section 

2.1.  Materials and Methods 

Gold (III) chloride hydrate (HAuCl4.3H2O), L-ascorbic acid (AA), Sodium nitrite and D-(+)-

Glucose were received from Sigma-Aldrich. Native 4E peptides (4E Pep) were received from 

Anygen. All the chemicals were of analytical grade and were used as received. FESEM images were 

recorded with JEOL JSM-7800F instrument. XRD profiles were recorded using Smart Lab (Rigaku) 

instrument. Indium tin oxide (ITO, (dimension; 2×1 cm)) and its modified forms were used as 

working electrodes. Pt wire served as a counter electrode and Ag/AgCl (in 3 M NaCl solution) was 

used as a reference electrode. All the electrochemical experiments were conducted in a single 

compartment three electrode cell using an Ivium Technologies electrochemical work station. 

Nitrogen (N2) was bubbled for 30 minutes prior to each experiment. 

2.2a. Wild-type M13 (M13wild) preparation 

M13wild was grown and purified following standard biochemical protocols described in 

literature.(Korkmaz 2013; Smith and Petrenko 1997) Briefly, one colony of E. coli XL-1 blue was 



5 | P a g e  

 

grown in 3 ml of LB media to mid-log phase (E. coli XL-1 blue culture) and infected with 10 µL of 

M13wild. The culture was incubated at 37°C with shaking for 12 h, and then centrifuged to remove E. 

coli. The M13wild was collected by PEG/NaCl (20% PEG and 2.5 mol/L NaCl) precipitation and 

reconstituted in Tris-bufferred saline (10 mM). The typical yield was ~ 20 mg of M13wild per litter. 

The final concentration was determined spectrophotometrically using an extinction coefficient of 

3.84 cm
2
/mg at 269 nm.(Sambrook and Russell 2001; Smith and Petrenko 1997)

 

2.2b. Y3E peptides engineered M13 (M13Y3E) and M134E preparation 

Attachment of Au binding peptides at the major coat protein (Gene VIII) of M13 is reported 

previously.(Park et al. 2014) Briefly, three primers were designed to insert Y3E and 4E into the gene 

VIII protein: 5′-

ATATATCTGCAGNKTAYGAAGAGGAANNKGATCCCGCAAAAGCGGCCTTTA ACTCCC-3′ 

(Y3E), 5′-ATATATCTGCAGNKGAAGAGGAAGAGCCCGCAAAAGCGGCCTTTAA CTCCC-3′ 

(4E), and 5′-GGAAGCTGCAGCGAAAGACAGCATCGGAACGAGG-3′ (linearization primer). To 

collect M13Y3E and M134E phages, the inverse polymerase chain reaction (PCR) cloning method was 

performed using the above mentioned primers (the linearization primer with M13Y3E and M134E 

primer). The PCR product was purified then the amplified plasmid, and phage plagues were verified 

by DNA sequencing. Furthermore, we have amplified the M13Y3E and M134E phage for our 

experiments, and the methods were same to the M13wild as mentioned in 2.2a.(Sambrook and Russell 

2001; Smith and Petrenko 1997) Figure 1 demonstrates the structural features of the different M13 

used in this study.
 

2.3. Fabrication of modified electrodes  

Au NSs were electrodeposited on ITO electrode from the electrolyte (mixture of 3 mM of 

HAuCl4.3H2O and 0.005 mg/mL of M13wild or M13Y3E or M134E or 4E Pep in 0.5 M H2SO4) by 

applying the potential of –0.2 V (Ag/AgCl) for 500 s by amperometric i-t curve technique. 

Fabricated electrodes was denoted as ITO/Au or ITO/Auwild or ITO/AuY3E or ITO/Au4E or ITO/Au-
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4E Pep. After the experiment, the charge (Q) was integrated from 0 to 500 s and the same was used 

to estimate the specific mass (M) of Au using the eq 1. 

    M = Q × MW / (n FA)  (1) 

where ‘M’ is specific mass after electrodeposition, ‘Q’ is charge consumed for electrodeposition, 

‘MW’ is the molecular mass of Au, ‘n’ is number of electrons (3) transferred for electrodeposition, 

‘F’ is Faraday constant and ‘A’ is geometrical area (0.44 cm
2
) of the electrode (‘O’ ring).  The mass 

of Au was used to normalize the current to obtain current density plots. The electrochemically active 

surface area (ECSA) was calculated from the charge consumed to form the Au oxide monolayer at 

the different modified electrodes using eq 2 (Trasatti and Petrii 1992) and was used to obtain the 

current density plots.  

EASA = Q/Q*   (2) 

where ‘Q’ is the charge required to form an oxide monolayer on the surfaces of Au NSs, 

which is obtained by measuring the charge (Q) associated with the Au oxide reduction peak as a 

function of upper potential limit and Q* is calibration factor with a value of 390 μC cm
–2

. (Correia et 

al. 1997; Trasatti and Petrii 1992) The Q* is the standard value associated with the formation of 

oxide monolayer at polycrystalline Au surface. 

 

2.4. Electrochemical studies 

The NO2
−
 electrocatalysis, sensing and selectivity studies at the modified electrodes were 

studied by recording the cyclic voltammograms (CVs) and Linear sweep voltammograms (LSVs). 

For the electrocatalytic measurements by CV, 1 mM of sodium nitrite was added to the 0.1 M PBS 

(pH 7.2) electrolyte and for sensing by LSV each 100 µM of sodium nitrite was added. The 

selectivity experiments toward NO2
−
 were carried out with the 40 times higher concentrated 

commonly encountered metal cations, anions and biomolecules. All the experiments were carried out 

at the room temperature (25⁰ C) with a potential window of 0 to 1.2 V. 
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3. Results and discussion 

3.1. Surface characterization of the modified electrodes 

The comprehensive information about the surface morphology and the consistency of the 

modified electrodes can be observed by scanning electron microscopy (SEM). The surface 

morphology of the ITO/Au, ITO/Auwild, ITO/AuY3E, ITO/Au4E electrodes were investigated by SEM 

(Figure 2). As can be seen in Figure 2(A and A1), flowerlike Au NSs were grown at the ITO surface 

in the absence of any of the M13. When M13 is mixed in the electrolyte, change in the morphology 

are clearly visible in Figure 2(B,C and D) when compared to ITO/Au electrode. Close view (Figure 

2(B1 and C1) of the M13wild and M13Y3E applied Au NSs resembles with the popcorn-like structures. 

Furthermore, close view of these flower-like and popcorn-like Au NSs (Figure 2(A1, B1 and C1) did 

not show any preferential growth along a specific crystallographic direction. Whereas, Au DNs were 

clearly visible at the ITO/Au4E electrode; SEM image (Figure 2D1) clearly shows the formation of 

Au-DNs. Presence of M134E and its 4E peptides had a considerable effect on controlling shape(Kim 

et al. 2010; Zhang et al. 2014) and structure of Au-DNs. Figure S1 displays the SEM images at 

different magnifications and EDX analysis of ITO/Au4E electrode. Based on the diffusion and 

nucleation limited aggregation models, growth of Au-DNs at ITO/Au4E electrode is possibly 

controlled by diffusion and nucleation process in non-equilibrium reactions.(Xiao and Qi 2011) In 

the absence of M13 (Figure 2(A and A1)), deposited Au possessing densely packed flower-like NSs, 

suggesting the deposition rate was rapid and independent of crystallographic direction at the 

electrode surface.(Yue et al. 2011) In addition, to trace the nucleation and growth of Au-DNs at 

ITO/Au4E electrode; SEM images were recorded at different deposition time and different M134E 

concentration as shown in Figures 3 and S2, respectively. As can be seen at 5 and 10 s (Figure 3A 

and B) Au dendritic seeds were clearly formed. And at 20 s (Figure 3C) dendritic growth has started 

and branches are clearly visible. Interestingly after 20 s, secondary growth of Au-DNs has actually 

started. From 50 s onwards Au-DNs were clearly observed (Figure 3(D,E and F). On the other hand 
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while increasing the concentration of M134E starting from 0.001 to 0.1 mg/mL, clear structural 

variation of DNs to flower-like NSs were observed (Figure S2). Furthermore, the trunk size and 

shape has shrinking while increasing the M134E concentration and led to such flower-like NSs. 

Figure S3 displays the XRD patterns of the four different modified electrodes and in all the four 

electrodes the diffraction peaks appeared at 38.3, 44.4, 64.8 and 77.6°, corresponding to the Miller 

indices (1 1 1), (2 0 0), (2 2 0) and (3 1 1) planes of Au, respectively to the face-center- cubic (fcc) 

Au crystallographic structures (JCPDS card number 4-0784).(Shanmugam and Kim 2016) 

Furthermore, peaks marked with asterisks appeared at 30.4, 35.3, 50.7 and 60.4° (Figure S3) were 

assigned to the (1 2 1), (1 1 3), (1 4 0), and (4 2 1) planes of ITO substrate (JCPDS card number 89-

4599).  

Here, we present a possible formation mechanism for the M134E assisted electrochemical co-

deposition of Au-DNs as follows; in the first step, Au precursor AuCl4
−
 get attached at the –NH2 

groups of the glutamic acid (Figure 1) present in the 4E peptides led to an ammine chloride complex. 

(Manivannan and Ramaraj 2012a) In the next step, when the constant potential of −0.2 V is applied, 

the AuCl4
−
 were slowly released from the attachment sites and reduced to Au

0
. In order to get 

stabilize, Au
0
 tend to aggregate to form Au

0
 nuclei, which is predicted to be hosted by M134E. The 

nucleated Au
0
 will form Au atomic clusters and at the same time –COOH of the 4E peptides tend to 

attach at the ITO surface and became the growth centres for DNs. These M134E attached Au atomic 

clusters acts as seeds and further reduction led to the growth of Au-DNs. Here slow release of Au
3+

 

from the above mentioned ammine chloride complex is the key factor to decrease the reduction rate 

of non-equilibrium hence, anisotropic growth had occurred. 

 

3.2. Electrocatalytic studies   

In order to investigate the effect of Au-DNs, CVs and LSVs for different modified electrodes 

in the absence and presence of NO2
−
 at pH 7.2 were compared in the potential range 0 – 1.2 V 
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(Figure 4). Figure 4A and B displays CVs recorded at the ITO/Au (a), ITO/Auwild (b), ITO/AuY3E (c) 

and ITO/Au4E (d) electrodes in 0.1 M PBS before and after adding NO2
−
, respectively. The 

characteristic oxidation and reductions peaks (Manivannan and Ramaraj 2012b) were noticed for all 

the four Au nanostructured electrodes, indicating the presence of crystalline Au NSs at the electrode 

surfaces (Figure 4A). As shown in Figure 4B, while introducing 1 mM of NO2
−
 into the electrolyte, 

increase in anodic peak current (mass normalized) around 0.85 V is clearly observed, indicating that 

the NO2
−
 is oxidized in the presence of Au NSs. As can be seen that the ITO/Au4E electrode (Figure 

4B(d)) showed improved catalytic response toward NO2
−
 oxidation when compared to other 

electrodes. Furthermore, comparison among the ITO/Au4E electrode (Figure 4C) fabricated at 

different concentrations of M134E indicates that higher catalytic response is noticed when the 

concentration of M134E was 0.005 mg/mL (Figure 4C(c)). It is well known that Au dendritic 

nanostructures providing the more active sites which can efficiently convert the adsorbed 

intermediates in to final products. Besides electrochemical stability and activity (provides more sites 

for adsorbing the intermediates) of the Au dendritic nanostructures also contributing increased active 

sites. Hence, the obtained flower-like nanostructures in the presence of excess M13 viruses 

(concentration higher than 0.005mg/mL), having the less catalytic activity than the dendritic 

nanostructures. CVs recorded at ITO/Au4E electrode (fabricated in the presence of 0.005 mg/mL of 

M134E) for the absence (a) and presence (b) of 1 mM of NO2
−
 is given in Figure 4D. At the surface 

of the Au-DNs, direct oxidation of NO2
−
 produces increased anodic current with a well-defined, 

sharp peak at 0.85 V (Figure 4D(b)). It is well demonstrated that the use of Au-DNs could act as an 

effective electron transfer mediator to enhance the kinetics of the electrochemical process. Also, in 

the reverse scan there is no presence of any cathodic peak or increase in the peak current of Au oxide 

reduction peak due to NO2
−
 was observed. In one hand, anodic oxidation of NO2

− 
is desirable 

because nitrate (NO3
−
) is the ultimate product without any interference, but occurs at relatively high 

over potential. On the other hand, primary disadvantage of the cathodic reduction of NO2
−
 is the 
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interferences from a few products depending on the condition of electrodes and nature of 

electrocatalysts.(Heinecke et al. 2013) Therefore, these results confirming that Au-DNs fabricated in 

the presence of M134E demonstrated improved electrocatalytic activity than that of Au NSs 

fabricated without M13, M13wild and M13Y3E. Therefore, the corresponding NO2
− 

oxidation at the 

ITO/Au4E electrode is shown as follows (eq 3): 

NO2
−
 + H2O → NO3

−
 + 2H

+
 + 2e

−
 (3) 

Furthermore, ECSA values were derived from the CVs recorded at the ITO/Au4E electrode 

(M134E: 0.005 mg/mL), which is fabricated with different deposition time and correlated with their 

electrocatalytic properties toward NO2
− 

(Figure S4 and Table S1). It was observed that, modified 

electrode fabricated at 500 s having higher ECSA value due to its well-branched dendritic NSs and 

thus showed higher catalytic activity toward NO2
−
. In addition, to reveal the role of 4E peptides of 

M134E, we have carried out the fabrication of ITO/Au electrode in the presence of native 4E peptides 

as an additive in the electrolyte. The structure and its catalytic activities were compared with the 

electrode prepared using M134E as shown in Figure 5.  From the SEM analysis (Figure 5(A–B1)), 

typical dendritic NSs were not observed in the presence of native 4E peptides as an additive, only 

flower-like NSs were obtained. This observation adds the evidence that only 4E peptides of the 

M134E was not responsible for the dendritic NSs. 4E peptides displayed M13 synergistically offers its 

filamentous structure as the nucleation sites for the Au-DNs growth at the ITO/Au4E electrode. 

Furthermore, ITO/Au4E electrode showing higher ECSA, specific and mass activities toward NO2
− 

(Figure 5C,D and S5). Since the native peptides are highly expensive and poor in their solubility, 

here they were displayed on the M13 surface by low-cost methodology and considerable efficiencies 

were obtained. Hence, present fabrication methodology can overcome several challenges in 

developing low cost and highly sensitive biosensor-probes.     

3.3. Electrochemical biosensor studies   
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Electrochemical biosensor for NO2
− 

is constructed at the ITO/Au4E electrode (M134E: 0.005 

mg/mL) and responses were studied by LSVs by injecting each 100 µM of NO2
−
 and the results are 

summarized in Figure 6. At the sensor electrode, Au-DNs exhibited high sensitivity and stable 

response and the catalytic current is proportional to the concentration of analyte. A linear 

dependence of NO2
−
 oxidation peak current was obtained with a correlation coefficient (R

2
) of 0.995 

and sensitivity is calculated as 0.190 μA/μM. Selectivity of the constructed biosensor is an important 

parameter for applying the developed materials for its practical application. Here the selectivity of 

proposed biosensor is investigated by detecting 100 µM NO2
− 

with the addition of most possible 

interference species (cations, anions and biomolecules) into the PBS solution. Concentration of 

interfering ions and biomolecules were fixed to 4000 µM. As it can be seen in Figure S6, 

determination of 100 µM NO2
− 

is not interfered by the presence of cations, anions and biomolecules 

including Ca
2+

, Na
+
, K

+
, SO4

2–
, NO3

–
, CO3

2– 
ascorbic acid and glucose in a 40-fold concentration, 

which indicates that this system owns a highly selective recognition only for NO2
−
. It is noteworthy 

to mention that while monitoring the individual interference (Figure S6D), NO3
– 

and glucose causes 

current response of ITO/Au4E electrode and it can be attributed to their very high concentrations 

(4000 µM). Besides in the presence of cations (Figure S6A) and anions (Figure S6B), considerable 

increase in the over potential for NO2
−
 oxidation were noticed whereas such shift was not observed 

in the presence of biomolecules (Figure S6C). Therefore, this proposed method of applying M13 as 

additives for electrodepositing the Au NSs and the developed NO2
−
 biosensor appears to be highly 

selective in the presence of tested most common interference species. 

4. Conclusions 

In summary, we have demonstrated the electrodeposition of Au-DNs using engineered M13 

viruses as an additive and use them as a biosensor electrode for highly sensitive NO2
−
 detection. 

Sensor electrode exhibited good selectivity toward target analyte from the most possible 

interferences. Here we demonstrated the importance of virus as additives for metal nucleation to 
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synthesize biotemplated materials. Only 4E peptides expressed M13 led to dendritic NSs whereas 

wild-type and Y3E peptides expressed M13 were not. Au-DNs at the M134E applied electrode 

exhibited significantly higher electrocatalytic activity when compared to without M13 or native 4E 

peptides or those of M13Wild and M13Y3E. The use of peptides as structure directing agents are well 

known and such peptides are highly expensive, here we demonstrated that peptides expressed on the 

virus surfaces as an additive to grow Au-DNs and it is highly cost effective. It is clearly 

demonstrated that due to the engineered peptides, biomolecules can provide general strategy for the 

growth of advanced catalysts with enhanced electrocatalytic and sensing ability. This simple 

biotemplating approach can be extended to other metals and metal oxides to obtain the variations in 

morphology and could be applied as electrode materials for sensors and energy harvesting 

applications.  
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Figures 

 

Figure 1. Schematic representation of M13wild and M134E. 

 

Figure 2. (A to D1) SEM images of (A, A1) ITO/Au, (B, B1) ITO/Auwild, (C, C1) ITO/AuY3E and (D, 

D1) ITO/Au4E electrodes at different magnifications. 
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Figure 3. (A to E) SEM images of ITO/Au4E electrode at different deposition time; A: 5 s, B: 10 s, C: 

20 s, D: 50 s, E: 100 s and F: 500 s. 

 

Figure 4. (A, B) CVs recorded at the (a) ITO/Au, (b) ITO/Auwild, (c) ITO/AuY3E and (d) ITO/Au4E 

electrodes in (A) 0.1 M PBS (pH: 7.2) (B) injected with 1 mM of NO2
–
. (C) CVs recorded in the 

presence of 1 mM of NO2
–
 at the ITO/Au4E electrode fabricated at different M134E concentration; a: 

no M134E b: 0.001 mg/mL, c: 0.005 mg/mL, d: 0.01 mg/mL and e: 0.05 mg/mL. (D) CVs recorded at 
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ITO/Au4E electrode in the (a) absence and (b) presence of 1 mM of NO2
–
.  All the CVs were 

recorded at the scan rate of 50 mVs
–1

. 

 

Figure 5. (A-B1) SEM images and (C,D) CVs recorded at the (A,A1 and a) ITO/Au-4E Pep, and (b) 

ITO/Au4E electrodes in (C) 0.5 M H2SO4 and in (D) 0.1 M PBS (pH: 7.2) injected with 1 mM of 

NO2
–
. All the CVs were recorded at the scan rate of 50 mVs

–1
. 

 

 

Figure 6. (A) LSVs recorded at the ITO/Au4E electrodes in 0.1 M PBS (pH: 7. 2) for  (a) 0 µM, (b) 

100 µM, (c) 200 µM, (d) 300 µM, (e) 400 µM, (f) 500 µM, (g) 600 µM, (h) 700 µM and (i) 800 µM 

of NO2
–
. (B) Corresponding calibration plot. 
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 M13 viruses as an additive for Au electrodeposition. 

 4E peptides engineered M13 viruses led to dendritic morphology. 

 Improved sensitivity and selectivity toward nitrite ions.   

 

 




